3 efficient way (one person can collect up to 180 wildings per hour) but this method often damages their root system. Thus, special care must be given during an acclimatization period after transfer to the nursery. Wildings are watered and kept in plastic covered chambers with high humidity, until a new root system is formed.
Satisfactory rates of survival have been obtained with this system, eg. 94.4 % (n = 200, SE = 3.2) for Shorea parvifolia and 88.2 % (n = 200, SE = 2.5) for Dryobalanops lanceolata, after a 4 week acclimatization period.
VEGETATIVE PROPAGATION BY CUTTINGS
The use of vegetative propagation by cuttings as an alternative to supply dipterocarp planting stock has been investigated by many researchers (Momose 1978; Hallé and Hanif-Kamil 1981; Srivastava and Penguang Manggil 1981; Smits 1983; Hamzah 1990; Kantarli 1993) . However, dipterocarps are considered difficult to root and results are sometimes unsatisfactory (see Momose 1978; Hallé and Hanif-Kamil 1981; Srivastava and Penguang Manggil 1981) . Techniques for vegetative propagation of dipterocarps have been developed in Danum Valley Field Centre (Moura-Costa and Lundoh, in press) based on the methods used by Smits (1983) and Leakey et al. (1982 Leakey et al. ( , 1983 . Cuttings are rooted in a mist propagator unit covered by a transparent plastic sheet (Plate 1) to increase relative humidity. After roots form (Plate 2), cuttings are potted and kept in plastic covered chambers in the shade house for two weeks during the acclimatization stage, before exposure to normal nursery conditions. Mycorrhizal inoculation is done during potting, by adding soil containing inocula to the soil in the planting bags. Cuttings of D. lanceolata and several Shorea species have been produced using this method. Percentage rooting after 12 weeks is around 87 % (n = 396, SE = 1.6) for D. lanceolata and 65 % (n = 40, SE = 2.4) for Shorea spp.
Hedge orchards with stockplants are being established in Danum Valley Field Centre to guarantee a steady supply of plant material for cutting production. Seedlings are planted in lines in a partially shaded area adjacent to the research nursery and managed to increase the number of orthotropic shoots produced by each plant. Their apical shoot is excised and the stem bent over (Plate 3), in order to break apical dominance and induce the sprouting of dormant stem nodes (Leakey 1983) . Up to 15 shoots can be formed by each stockplant monthly.
This method of vegetative propagation is being adapted to minimise the number of operations required for cutting production, and therefore the costs, allowing its use for large-scale production of cuttings in our operational nursery. We conducted an experiment in which cuttings of Dryobalanops lanceolata were set to root directly in 7 x 21 cm poly-bags containing forest top-soil. Percentage rooting after 12 weeks in the mist unit was 83 % (n = 20, SE = 2.3). Further trials are underway to test the rooting of cuttings in the plastic covered chambers used for acclimatization of wildings instead of a mist unit. ( Bonga and Durzan 1987) . A further improvement would be the study of somatic embryogenesis for artificial seed production (Redenbaugh et al. 1989; Moura-Costa et al., in press) , with potential for the mass propagation of tropical trees at a low cost (see Mascarenhas 1988) .
MICROPROPAGATION

CLONAL PROPAGATION AND GENETIC IMPROVEMENT OF DIPTEROCARPS
Previous trials of enrichment planting have used trees from natural populations, consisting of a wide range of genotypes with different growth rates. Vegetative propagation can be used to produce clones, reducing genetic variability of planting stock and permitting better controlled studies of growth and development of dipterocarps in enrichment planting and the establishment of stands with more homogeneous growth rates. A further advantage of using vegetative propagation is the possibility of genetic improvement of planting stock. An example of the benefits of using selection and cloning in forestry is the 3-fold increases in biomass production of Eucalyptus achieved in Aracruz Celulose, Brazil (Campinhos and Ikemori 1983) . To our knowledge, no work has ever been done on genetic improvement of dipterocarps; substantial gains are expected from selection and cloning of superior genotypes. The advantages and disadvantages to clonal populations of forest trees are discussed below.
Problems of selection and propagation of adult trees
Clonal forestry is typically based on the phenotypic selection of superior trees followed by vegetative propagation (Hartmann et al. 1990 ). However, selection based on mature trees has several problems. Firstly, plant material from adult trees is physiologically mature and often more difficult to root, as has been demonstrated for dipterocarps (Smits et al. 1990 ). The use of mature material for vegetative propagation might have been the reason for an overall low percentage of rooting achieved by Momose (1978) and Hallé and Hanif-Kamil (1981) . All cuttings Momose prepared from mature tissues failed to root. On the other hand, high percentages of rooting were observed when juvenile material was used by Smits (1983) and Hamzah (1990) . Therefore, mature material taken from adult trees needs to be rejuvenated in order to improve rooting ability (see Hackett 1985) . Grafting mature scions onto juvenile rootstocks (Martin and Quillet 1974) or serial cuttings (Black 1972 ) are possible
methods. An alternative is to induce the production of juvenile tissue from mature trees (Hackett 1985) . However, most dipterocarp trees do not coppice and methods involving the manipulation of the whole tree, eg. severe pruning (Mazalewsky and Hackett 1979), are not feasible.
Secondly, the selection of plus trees in the forest relies on the phenotypic characteristics of the individual selected. However, the phenotypes of mature trees in natural forests are strongly influenced by different environmental factors which can affect the expression of their genotypes (see Namkoong et al. 1980 ).
Furthermore, the recruitment of dipterocarp trees from the seedling bank in the forest is not necessarily linked to genotypic characteristics. According to the process of gap regeneration dynamics described by Whitmore (1984) , seedlings of dipterocarps stay in the understorey for long periods and are liberated when gaps form in the canopy. The random process of gap formation does not benefit the best genotypes but those which happen to be present in the gap at that particular moment. Therefore, selection of mature trees is not reliable and must be confirmed by carrying out clonal trials, which are impractical due to the slow growth of dipterocarps.
Selection at the seedling stage: apical dominance in juvenile material
Correlations between juvenile characteristics and desirable genetic traits of mature trees would allow the selection of plants at an early stage, circumventing some of the problems mentioned above. The use of apical dominance of seedlings as a selection factor was suggested by Ladipo, Leakey and Grace (1991) 
ECOLOGICAL CONSIDERATIONS OF CLONAL PROPAGATION FOR FORESTRY
The use of clonal material for forestry is a cause of some controversy. Although timber yields can be substantially improved (Campinhos and Ikemori 1983) , the risks of susceptibility to outbreaks of diseases or pests are usually higher in clonal stands than in sexually propagated populations. Therefore, selection intensity should be modest, allowing the use of a large number of clones to guarantee a diverse genetic base in the planted stands.
A second concern is the characteristics of the rooting system of plants derived from cuttings. Cuttingderived plants do not produce tap roots and consequently it has been suggested that they are more susceptible to wind throw or droughts. However, cuttings are able to produce a large root plate from which axillary sinker roots often develop (Leakey 1987) . Furthermore, there is evidence that most dipterocarp trees do not form deep tap roots (Baillie and Mamit 1983) , but shallow lateral roots from which vertical sinkers develop. The same pattern of root systems can be expected for wildings. After collection in the forest, the tap root of wildings is often pruned to promote the development of adventitious roots. Although old plantations of dipterocarps planted with cuttings do not exist, there are plots planted with dipterocarp wildings dating back to 1935 (eg. Tan et al. 1987) which do not appear to suffer from any of the problems related to a poor root system discussed above.
CONCLUSIONS
Advances in vegetative propagation and nursery techniques have improved the reliability of supply and the quality of dipterocarp planting material. The development of efficient tissue culture techniques might provide enormous benefits for dipterocarp propagation but further studies are still required to increase multiplication rates in vitro and percentages of rooting ex vitro. Whichever propagation system is used, it is important that costs of production are kept low, since planting stock accounts for a substantial share of the costs of enrichment planting.
Genetically superior planting stock is urgently needed to improve growth rates of planted stands and to increase the attractiveness of enrichment planting as a tool for the management of logged rainforests. If a correlation between apical dominance and growth rates of dipterocarp trees is confirmed, it can be used for a simple selection procedure. Clonal populations of fast growing genotypes can be established in a short period of time, improving the quality of planted stands and reducing the time required for rehabilitation of logged forests by enrichment planting.
